Environmental management is a key element in ensuring positive environmental performance of an organization. The integration of environmental management into military activities has also become a growing concern for defence sectors internationally. At present, an Environmental Management System (EMS) is one of the most widely used environmental management tools throughout the world. Recent research and public concerns have been increasingly concentrated on EMS implementation and evaluation, examining how an EMS improves environmental performance. This study provides a literature review mainly on several areas: EMS related concepts, its application and evaluation methods in global defence sectors. It is found that there are no significant differences in the EMS adoption and implementation between different countries and defence sectors. Currently, there is no universal method for EMS evaluation. A case-by-case approach is preferred as long as evidence can be found to provide support for the evaluation of an EMS. Based on the review, relevant recommendations are discussed from aspects, such as environmental performance indicator, independent evaluation, data and information collection and environmental monitoring and reporting, that should help to ensure the EMS a helpful tool for sustainable environmental management. This review provides a general overview, identifies knowledge gaps and highlights aspects of the research regarding EMS implementation and evaluation; it is useful for strengthening the EMS operation, clarifying the relationship between the use of an EMS and environmental performance and producing operational guidelines for evaluating an EMS.
INTRODUCTION
Environmental management has gained in importance around the world in recent years, with many strategies emerging as the times require (Kolk and Mauser, 2002; Ann et al., 2006; Anderson et al., 2007; Rashed et al., 2008) . The growing demand for effective and integrated environmental management has resulted from various factors, such as increasingly complex and uncertain environmental situations, introduction of environmental legislation, growing environmental concerns and demands for better resource management and reduced environmental pollution (Chin et al., 1999; Bowers and Cornish, 2000; Strachan et al., 2003; Rao, 2005; Reed, 2008) .
Environmental management is a complex mechanism involving many important issues, such as operations and technologies, products and services, functional strategies and management systems (Klassen and Mclaughlin, 1996; Kolk and Mauser, 2002) .
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Environmental management is considered as a methodology for managing the operations of an organisation to ensure they are performed in an environmentally responsible manner. It can also be seen as the sensible utilisation and management of environmental resources in a cost-effective and sustainable way (Hale, 1995) .
At present, there are many environmental management tools in use, such as environmental impact assessments, environmental auditing, substance flow analysis, life-cycle assessments and environmental management systems (Emilsson and Hjelm, 2002; Ramos et al., 2009) . These tools provide environmental information and assist environmental management in order to make organisations more environmentally friendly (Emilsson and Hjelm, 2002) . Of these tools, an Environmental Management System (EMS) is one of the most commonly used in organisations worldwide (Zutshi et al., 2008; Nawrocka and Parker, 2009; Ramos et al., 2009) . To date, the International Organization for Standardization (ISO) 14001 is the only international standard for the development and implementation of an EMS (Sinclair and Tschirhart, 2001; NHDES, 2002) .
Recent research has focused on evaluating an EMS's effectiveness and environmental performance relative to the ISO14001 standard, rather than investigating its adoption and development in an organisation (NHDES, 2002; Dawson, 2004; Hertin et al., 2008; Nawrocka and Parker, 2009) . Although there have been many studies on the connection between an EMS and environmental performance, quantitative evidence is lacking (Hertin et al., 2008) . This study reviews the EMS implementation and evaluation in global defence sectors.
The environmental management of military activities is a growing concern for defence forces worldwide (Ramos and Melo, 2005; Bioce, 2006; Anderson et al., 2007; Ramos et al., 2007a) . As an essential part of society, the defence sector is a large, complex and important social organisation (DD, 2003) and its military activities are closely interrelated with the environment. Defence authorities all over the world recognise that sustainable environmental management is a key issue in keeping military activities effective in the long run (Ramos and Melo, 2005) . As Diecidue (2008) stated, "increased environmental diligence and scrutiny can result in increased military readiness".
Defence's management of the natural environment, especially sensitive ecosystems, has been a hot and complicated research topic (Ramos and Melo, 2005) ; some baseline studies related to this issue have already been conducted. Military training activities have impacts on the environment (Kreizenbeck, 2004) . Many military training areas are located in environmentally sensitive regions (e.g., protected areas and water catchments) (Rao, 2005; Godschalk, 2007) . As Leitmann (1998) noted, from a survey of protected areas conducted by the International Union for Conservation of Nature, military activities are one of their top ten threats. There is also increasing public concern about military training activities and their environmental impact (DD, 2003 (DD, , 2009 . Given that environmental challenges and demands on management are increasing, the integration of environmental management into defence sectors should be a focus in military operations. It is also important to examine how effective an EMS is as a tool for environmental management of military training activities.
The Environmental Management System (EMS) and its Application in Global
Defence Sectors
The EMS and its Standards
The EMS is a management tool to help organisations identify potential environmental impacts, protect the environment and manage their daily activities in an environmentally friendly way. Environmental management actions and protection obligations can be delivered with the help of an EMS Darnall et al., 2000; Beeby, 2008; DSEWPaC, 2008) . Various definitions of an EMS have been documented in the literature, for example: NHDES (2002) ; ISO (2004) ; Rao (2005) ; Arimura et al. (2008) ; Zutshi et al. (2008) . Generally speaking, an EMS is a comprehensive and well-organised management system with systematic processes and procedures that allow an organisation to plan its environmental activities, assess and manage its environmental aspects and impacts, produce and implement its environmental policies and achieve its environmental objectives.
Since the 1990s, several standards applying to an EMS have been established, such as the British Standard 7750 (BS7750), the Eco-Management and Auditing Scheme (EMAS) and the ISO14001 (NHDES, 2002; Moore, 2004 (DD, 2000; Rowland-Jones et al., 2005) .
The EMAS was initially published in Official Journal L168 in July 1993 and launched in the United Kingdom (UK) in April 1995. The EMAS has been widely used in European Union organisations (NATO-CCMS, 2000; Rowland-Jones et al., 2005) . Designed under the European Union (EU)'s Fifth Environmental Action Program, it was used in the private sector in the first instance. It then spread to a large range of EU organisations excluding the UK, mainly focusing on industrial actions. Although the EMAS was set up as a voluntary mechanism, all EU member states are now required to comply with it. Further elements were subsequently added to the EMAS, such as environmental policy, the EMS implementation, environmental commitment, monitoring and auditing, public communication, review and continual improvements (DD, 2000; NATO-CCMS, 2000) . Third-party auditing is also required in the EMAS (Cheesbrough, 2006) .
The ISO is a Non-Government Organisation (NGO) established in 1947 and now comprises approximately 100 national standard entities (Edwards et al., 1999; Arimura et al., 2008) . It is the largest institution in the world involved in developing voluntary international standards (ISO, 2007) . In 1991, this organisation formed a Strategic Advisory Group on the Environment (SAGE) to examine the demand for the establishment of an international environmental management standard (Strachan et al., 2003; Rowland-Jones et al., 2005) . Following SAGE requirements, an official Technical Committee (TC-207) was formed and, with its help, a large number of standards concerning environmental management issues have been produced (Strachan et al., 2003; Potoski and Prakash, 2005; Rowland-Jones et al., 2005) . One of their most significant outcomes was an International Standard for an EMS, the ISO14001, first called for at the 1992 Rio Summit and subsequently completed in Geneva, Switzerland in September 1996 (Rondinelli and Vastag, 2000; Rao, 2005) .
The ISO14001 is the first EMS standard used internationally. It is regarded as the international benchmark for organisations in implementing and evaluating environmental management practices and has been accepted and implemented widely (Edwards et al., 1999; Gallagher et al., 1999; Maier and Vanstone, 2005) .
A voluntary EMS standard, the ISO14001, provides a systematic and integrated management framework for an organisation to operate their environmental management activities and bring good environmental practice to the entire organisation (Morrow and Rondinelli, 2002; Welch et al., 2002; Melnyk et al., 2003; Ann et al., 2006) . The content of the ISO14001 EMS includes:
• The ISO14001 uses Plan-Do-Check-Act (PDCA) to establish the EMS process (Arimura et al., 2008; Rashed et al., 2008) . Details are given in Table 1 . The ISO14001 document gives detailed guidelines on how to establish, implement, evaluate and improve an EMS at every stage (ISO, 2004) . There are several outstanding advantages of this standard. For example, it emphasises the significance of identifying environmental impacts and taking precautionary controlling measures at the earliest possible stage. Continual improvement of the EMS and environmental performance is a focal point at all times Lundberg et al., 2005) .
Some countries, such as Canada, France, Ireland, Spain and South Africa, have produced their national standards (NATO-CCMS, 2000) . All these standards aim to achieve effective environmental management. In view of differences between these national standards, the ISO14001 is regarded as the worldwide EMS standard for organisations to adopt, because it is the only standard widely accepted by a large number of countries (Sinclair and Tschirhart, 2001; NHDES, 2002) .
The adoption and implementation of the ISO14001 EMS therefore have many advantages and benefits for an organisation (Dahlstrom et al., 2003; Dawson, 2004; Rashed et al., 2008; Zutshi et al., 2008) . Table 1 . Plan-Do-Check-Act methodology with the ISO14001 EMS requirements (ISO, 2004; Anderson et al., 2007; Arimura et al., 2008 
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Application of the ISO14001 EMS in Global Context
There is a global trend to increased usage of an EMS (Hui et al., 2001; Zutshi et al., 2008; Nawrocka and Parker, 2009 ). More and more organisations, such as industries, companies, government agencies and other social groups, are introducing and implementing the ISO14001 EMS (Rondinelli and Vastag, 2000; Welch et al., 2002; Schylander and Martinuzzi, 2007 (Frost, 2010) , approximately 18% more than in 2008.
As the EMS was initially designed for industrial sectors, it is used widely in both developed and developing countries in industries, firms and companies, such as chemical, electronics, auto manufacturing, computers, energy and wastewater management (Darnall et al., 2000; NATO-CCMS, 2000; Zutshi and Sohal, 2001; Melnyk et al., 2003; Ramos and Melo, 2005; Arimura et al., 2008; Zutshi et al., 2008) . It should be noted that, to be certified, an EMS's implementation must conform to all the ISO14001 requirements (Rao, 2005; Nawrocka and Parker, 2009 ). The EMS is not a static management tool; it must be developed and improved continuously (DD, 2000) .
Defence sectors and their Environmental Management Practices
The United Nations' (UN) Millennium Project, which focuses on the achievement of the Millennium Development Goals by 2015 as agreed by UN members,
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highlights the importance of more-responsible environmental stewardship being exhibited by defence forces worldwide (Diecidue, 2008) . Defence organisations are among the most significant institutions in society, with their primary mission to defend their nation's security and sovereignty, as well as people's interests and rights (DD, 2007; Ramos et al., 2007a; 2007b) . Preparedness for and achievement of these goals need to be supported by a series of elements, including sophisticated weapons and equipment, qualified military personnel, high-quality training areas with adequate facilities, satisfactory resources and environment and integrated management (Doxford and Hill, 1998; Kreizenbeck, 2004; Ramos and Melo, 2005) .
Defence sectors throughout the world own large areas of land (Linkov and Ramadan, 2004; Ramos et al., 2007a) . Many training areas are located in environmentally sensitive regions, such as protected areas, agricultural land, water catchments and significant heritage areas (Rao, 2005; Godschalk, 2007) . Conflict was the central point regarding establishment and environmental maintenance of protected areas. There have been many prominent disputes arising between military use and environmental reserves (West et al., 2006) , such as at the Otterburn Military Training Area and Northumberland National Park in the UK (Doxford and Savege, 1995; Doxford and Hill, 1998) . In this case, rigorous area-use planning and public inquiries were required eventually to allow both uses and achieve harmonious development (Doxford and Savege, 1995) .
Another example was the Dartmoor Training Area, used for military training for more than 200 years and located within a significant national park in the UK. The Ministry of Defence and the Association of National Park Authorities found that the best way to resolve the conflict was cooperation and a Declaration of Intent was signed in 2005 to ensure a close relationship. The ISO14001 EMS was adopted for use in that area in 2002 (DNPA, 2005) . In 2005, an external audit of the Dartmoor Training Area EMS was conducted to ensure all impacts were identified and to recommend the future development of the EMS (RPSHSE, 2005) . A similar cooperative initiative between the defence force and local communities regarding the Makalu-Barun Conservation Area in Nepal was highlighted in the study of Mehta and Kellert (1998) .
An example of Australia is related to Shoalwater Bay Training Area (SWBTA), Queensland. In 1993-94, a Commission of Inquiry into the Shoalwater Bay area was established to assess the compatibility of the multiple uses made of and activities undertaken, at SWBTA from an environmental perspective. A series of recommendations were made, one of which was that military use and conservation should have equal significance and that environmental protection and management should be promoted in future military activities at SWBTA (Woodward, 1994; DD, 2009) .
In peacetime, defence forces spend most of their time on military training and operations with peaceful purposes (Godschalk, 2007) . Good environmental practice should be integrated into all defence force activities, that is, "the environment should be treated as an element of military doctrine and ingrained in security considerations and not separate from them" (Diecidue, 2008) .
Empirical Studies on Environmental Impacts of Military Activities
Major environmental impacts of military training (e.g., traffic, bombing, live firing and vehicle manoeuvres) include: soil erosion and compaction; landscape change; water and waste pollution; noise and air pollution; disturbance of flora and fauna; ecosystem and environmental destruction; and impacts on human health and safety (Cuddy et al., 1990; Ramos and Melo, 2005; Rao, 2005; Ramos et al., 2007a) . The impact might vary considerably from area to area, depending on the military activities conducted and the environmental features of training areas (Linkov and Ramadan, 2004) .
There have been a number of studies concerning military disturbances and environmental effects on land (Wilson, 1988; Ayers, 1994; Lehman et al., 1999; Hirst et al., 2000; Whitecotton et al., 2000; Smith et al., 2002; Williams et al., 2005; Leis et al., 2005; Latham et al., 2007; Warren et al., 2007) . These studies have used field experiments, observations, data monitoring and technical methods such as a Geographic Information System (GIS), computer simulation and multi-criteria analysis (Warren et al., 1989; Mendoza et al., 2002; Herl et al., 2005; Wang et al., 2008) . The majority of these study areas are located in the United States of America (USA) and the UK, with both countries relatively advanced in this type of research. Understanding the environmental impacts of military activities is considered necessary so that the defence authorities can take measures to mitigate or prevent these negative impacts (Diecidue, 2008) . These studies and applied technologies have helped to establish many management strategies, such as Integrated Training Area Management in the USA and the
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Combined Arms Tactical Trainer and Integrated Land Management Plan in the UK (Doxford and Hill, 1998; Durant, 2007) .
Application of the ISO14001 EMS by Defence sectors in Different Countries
An increasing number of countries are integrating environmental management into military activities using the ISO14001 EMS (Dawson, 2004; Ramos and Melo, 2005; RPSHSE, 2005) . NATO set an early example, with environmental management operations in place since the 1990s (Kreizenbeck, 2004) . The Committee on the Challenges of Modern Society (CCMS) of NATO led the way in EMS adoption in defence sectors by conducting a NATO-CCMS Pilot Study on Environmental Management Systems in the Military Sector in 2000. It emphasised the advantages of an EMS and recommended the implementation of this tool in military activities. The study report also summarised the ISO14001 EMS guidelines and implementation, using diverse examples gathered from defence sectors in EU countries (NATO-CCMS, 2000) . The report found that environmental management of most military activities was better integrated when the ISO14001 EMS was in operation. After the release of the pilot study, several workshops were held to find ways of filling the gaps between EMS theory and practice (Sinclair and Tschirhart, 2001; Dawson, 2004) . The NATO Standardization Agreement for Environmental Protection was also promulgated to support the NATO-led environmental management of military activities (Ramos and Melo, 2005; Ramos et al., 2007a) .
Australia has also become increasingly concerned with its environmental management practices and the ISO14001 standard has been adopted by various organisations (DD, 2003; Bioce, 2006; Beeby, 2008) . Many institutions, such as the Commonwealth and State Governments and Standards Australia, are promoting the implementation of the ISO14001 EMS (Zutshi and Sohal, 2001 ). The Australian Government required all Commonwealth agencies and departments to have a certified EMS in place by the end of 2003 (DD, 2003; . As a follow-up action, the AS/NZS (Australian/New Zealand Standard) ISO14001 (2004) was instituted specifically for Australian environmental management (SASNZ, 2000) .
As one of the largest Australian Government landowners, the Australian Defence Force (ADF) also recognises its environmental management responsibilities (Cuddy et al., 1990; Scott et al., 2000; DD, 2003) . To comply effectively with environmental legislation and implement defence environmental strategies, in 2001 the ADF adopted an integrated EMS under the ISO14001 standard as the guiding framework for incorporating environmental performance into dayto-day military business (Beeby, 2008) . Its central point is to provide an integrated and directive tool for successful environmental management by the ADF. The ADF EMS model is shown in Fig. 1 . A set of executive guidelines and measures have been developed by the ADF in accordance with its EMS to facilitate environmental management. Extensive environmental management activities with regard to the ADF EMS modules have been discussed by Wu et al. (2010) . Several examples of the adoption and development of an EMS by defence forces of different countries are reviewed in Table 2 . For these cases, an EMS is recognised as a critical tool in achieving the best possible performance and being a leader in environmental management (Kusnir, 2004; Moore, 2004) . Generally speaking, around the world, defence environmental management is similar in defence missions, legal requirements, environmental management targets, frameworks, policies, plans, implementation tools, existing weaknesses and future improvements. These similarities show that benefits could be gained by information sharing between stakeholders (Linkov and Ramadan, 2004; Kreizenbeck, 2004 ).
Evaluation of EMS Effectiveness
EMS and Environmental Performance
Empirical studies have shown various beneficial outcomes because of an EMS, such as better legal compliance and ecological improvement (Steger, 2000; Potoski and Prakash, 2005) . Recently, research and public concerns have become increasingly concentrated on how an EMS is implemented, whether and how it satisfies the ISO14001, the ISO14001 and how it improves environmental performance (Arimura et al., 2008; Hertin et al., 2008; Nawrocka and Parker, 2009 
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the Organisation for Economic Co-operation and Development (OECD), including Improving the environmental performance of government and Improving the environmental performance of public procurement (Ramos et al., 2007a) . In Indonesia, the Ministry of Environment developed a public rating system called "Proper Prokasih" in 1995, in order to strengthen EMS implementation. It has been described as "the first central government program in the world to publish a single index of environmental performance" (Edwards et al., 1999 ).
An EMS is a widely used policy and management tool. What elements contribute to the successful implementation of an EMS and to what extent can it be considered effective? Although numerous studies have been conducted to evaluate an EMS and environmental performance (NHDES, 2002; UNCCHDPP, 2003; Salmons, 2004; Cheesbrough, 2006; Ramos et al., 2007b; 2009) , the answer to this question is still not clear. For example, the study of Melnyk et al. (2003) on American manufacturing industries showed that, as a result of ISO14001 EMS implementations, there was significant improvement in environmental performance in the areas of product quality improvement, waste reduction, efficiency of equipment utilisation and reduction of lead time. The UK Environment Agency believes there is a correlation between an EMS and environmental performance (Maier and Vanstone, 2005) . The Ethical Investment Research Services conducted a worldwide survey in 2005 to explore this correlation. It found an evident and positive correlation between the quality of an EMS and the improvement in environmental performance (Maier and Vanstone, 2005) .
Nawrocka and Parker (2009) reviewed 23 studies from 1996 to 2008 on the effects of implementing an EMS. They noted that the EMS resulted in improved environmental performance in some studies, but not in others. Several reasons for this were put forward. Firstly, there was not a consistent definition of "environmental performance" in the studies. The ISO14001 defines it as "measurable results of an organization's management of its environmental aspects". Under the framework of an EMS, environmental outcomes can be measured in light of the organisation's "environmental policy, environmental objectives, environmental targets and other environmental performance requirements" (ISO, 2004) . In other studies, environmental performance is measured by the extent to which there is compliance with legal requirements, reduction of environmental impacts and improvement in environmental efficiency (Rao, 2005; Ramos et al., 2009) . However, whether an EMS results in improved environmental performance is still not clear (Lundberg et al., 2005) .
The ISO14001 EMS allows an organisation to "evaluate environmental performance against policy, objectives and performance targets, while seeking performance improvements where appropriate" (Melnyk et al., 2003) .
However, it merely presents the requirements and operational processes that an EMS-certified organisation should carry out, rather than providing definitive criteria for measuring improvement in environmental performance and EMS effectiveness (Edwards et al., 1999; Rondinelli and Vastag, 2000; Melnyk et al., 2003; Nawrocka and Parker, 2009 ). This was highlighted by Andrews et al. (1999) : "ISO14001 does not prescribe substantive environmental performance standards, nor does it direct which of many possible environmental goals should be given priority. It does not prescribe the introduction of specific pollution-prevention or sustainability-related practices. It does not mandate how fast or how far 'continuous improvement' must proceed, nor even how quickly an organization must actually achieve compliance with environmental regulations". Thus the adoption of the ISO14001 will not guarantee optimal environmental performance: this depends on how effectively the EMS is implemented (Rondinelli and Vastage, 2000; Anton et al., 2004) . Another concern is that the choice of study tools and research methods (quantitative, qualitative or a combination of the two) might lead to different processes and results in the evaluation of environmental performance (Nawrocka and Parker, 2009 ).
According to the findings of Nawrocka and Parker (2009), a successful EMS can be attributed to many internal and external factors in an organisation, such as its characteristics, management attitude, culture, policies and stakeholder participation. Various necessary features of an effective EMS have also been discussed (Chin et al., 1999; Gallagher et al., 1999; McDonach and Yaneske, 2002; Dawson, 2004; Lundberg et al., 2005) ; these are summarised as follows: The above features are consistent with the ISO14001 standard. These can be used as references when assessing an EMS of an organisation.
Methods of Evaluating an EMS
Numerous studies using various assessment methodologies have been conducted to examine the motivations in and benefits of adopting the ISO14001 EMS, as well as to evaluate the effects of an EMS on an organisation's environmental performance Edwards et al., 1999; Maier and Vanstone, 2005; Potoski and Prakash, 2005) . These studies cover organisations ranging from individual authorities to large clusters of facilities in various sectors, in both developed and developing countries.
One of the most significant studies was the pilot study Environmental Management Systems: Do They Improve Performance?, which aimed to clarify the EMS implementation processes and examine its effectiveness on a facility's environmental performance (Edwards et al., 2002; UNCCHDPP, 2003) . Sponsored by the USA Environmental Protection Agency (EPA), the study involved 91 facilities across 17 States. These facilities were in both public and private sectors such as major manufacturing, electronics, multinational companies, food processing, chemicals, military sectors and wastewater treatment facilities UNCCHDPP, 2003) . A Multi-State Working Group on the EMS was established by this study in 1996, responsible for monitoring and recording performance changes related to EMS implementation. In order to efficiently manage data and facilitate EMS evaluation, a database was developed in 1997, the National Database on Environmental Management Systems (NDEMS) (UNCCHDPP, 2003) .
The research found that most participating facilities received considerable benefits from EMS adoption and implementation, including a decrease in environmental impacts, enhancement of employee environmental awareness and stakeholder relationships, promotion of documenting procedures and better evaluation of internal operations (Darnall et al., 2000; Freimann and Schwedes, 2000) . This gives some indication of the effectiveness of an EMS.
The New Hampshire Department of Environmental Services (NHDES) joined this project in 1997. Five firms were involved in their study, with one being from the defence sector. This study mainly discussed EMS implementation regarding regulatory compliance (e.g., DES Compliance Assurance Response Policy), environmental audits in accordance with the EPA's Audit Policy, incentives for good environmental performance and cooperation with the National Performance Track Program and the DES Pollution Prevention Program (NHDES, 2002) .
Another research team from the University of California conducted a study using extensive surveys and interviews to evaluate the effectiveness of an ISO14001 EMS in USA firms with a certified EMS, government sectors, NGOs and environmental auditors. Research issues were analysed mainly in terms of four implications: environmental; stakeholder; organisational; and legal. The companies investigated considered the EMS relatively beneficial, whereas most NGOs were suspicious about EMS effectiveness in promoting environmental performance, as also noted by Steger (2000) .
Subsequently, several practical tools were developed for managers to facilitate EMS evaluation, such as the ISO Gap Analysis matrix (an ISO14001 Roadmap) and an environmental checklist (Edwards et al., 1999) . The gap-analysis approach was also adopted by Rashed et al. (2008) , using the Egyptian Minerals and Salts Company as a case study. Two kinds of tables were produced, a "checklist table" and a "questioner table", to compare the requirements of the ISO standard with the company's actual environmental performance. McDonach and Yaneske (2002) proposed a sustainability model to evaluate ISO14001 EMS implementation. Different kinds of conceptual methods applied to evaluate an organisation's sustainability were reviewed by Andrews et al. (1999) . A number of relevant studies are listed together with their aims, methods and findings in Table 3 .
Because of the difficulties inherent in developing a universal environmental performance evaluation framework, the majority of methods applied are investigative, such as interviews, questionnaire surveys, participating observations and case studies. Selfevaluation and conceptual measures are also common, with both qualitative and quantitative methods used (Rondinelli and Vastage, 2000; Sroufe, 2003; Anton et al., 2004; Rowland-Jones et al., 2005) . Statistical tools are used for data analysis in some studies (Chin et al., 1999; Hui et al., 2001; Dahlstrom et al., 2003; Melnyk et al., 2003; Anton et al., 2004; Potoski and Prakash, 2005; Ann et al., 2006; Arimura et al., 2008; Hertin et al., 2008; Nawrocka and Parker, 2009 ). Chin et al. (1999) Evaluate successful Hong kong manufacturing The Analytic Hierarchy Process (AHP) methodology; The ISO14001 EMS should be factors and necessity facilities Elements of the EMS implementation divided into several implemented and kept effective of the EMS implementation hierarchy levels, six evaluators chosen to compare elements f each level in pairs using nine-point scales; Data were collected through expert interviews; Normalized priority weights of each element decided through pair-wise comparisons with help of "Expert Choice"; The geometric mean method was applied to combine each evaluator's judgment of pair-wise comparisons to obtain relative importance of successful elements in the EMS implementation Rondinelli and Assess the impacts of the An aluminium plant In-depth case study; Four major aspects examined: employee The ISO14001 EMS was neither a Vastag (2000) ISO14001 EMS standard in South Carolina awareness (environmental awareness training); operational panacea for solving all fficiency (goals and benefits); managerial awareness (the EMS environmental problems nor implementation; and improved management practices) ); and merely a label. Rather, it could operational effectiveness (waste reduction and recycling);
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provide a "common sense guideline Data collected from program evaluation literature, archival for environmental management; material plant site visits, interviews of key environmental Although the EMS might not managers, concept mapping exercise involving 15 guarantee environmental environmental management team members; A structured performance improvements, it conceptualization" methodology applied: a sequence of concrete could bring managerial and operationally defined steps that yields a conceptual behavioural impacts to promote representation of an evaluation result or idea domain environmental practices through 'concept mapping'" Steger (2000) Assess the EMS's Some small-scale (2002) adoption, the EMS authorities quantitativend qualitative and questions from the EMS implementation some implementation, anticipated had no environmental changes; the and actual outcomes EMS had the potential to become a useful tool in environmental performance improvements Morrow and Examine motivation and Small energy and gas Literature review and few previous empirical studies; Beneficial broadly, but hard to Rondinelli (2002) impacts of the EMS adoption companies in Germany Five in-depth case studies quantify; Not all expectations were met The majority of environmental performance improvements were not related to the EMS Welch et al.
Examine Implication of social and soft policy companies of six manufacturing sectors in six EU countries; Three independent instruments statistical tools (simple regression, ` Jaggi-Freedman indices, "trend differences" approach)
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The majority of qualitative data is obtained from surveys, interviews (structured, semi-structured and open-ended) and in-depth case studies. Questionnaires and interviews usually use a ranking or Likert scale. Quantitative methods have also been used in numerous long-term research projects (e.g., the NDEMS program and Remas project). A combination of qualitative and quantitative methods has been adopted by some researchers (Dahlstrom et al., 2003; Melnyk et al., 2003; Sroufe, 2003; Anton et al., 2004) .
These studies reveal that presently there is no widely agreed methodology for evaluating EMS effectiveness (Hertin et al., 2008) . A case-by-case approach is considered to be acceptable as long as evidence can be found to provide support for the evaluation of the relevant EMS. The majority of the findings conclude that there is a positive correlation between an EMS and improved environmental performance (Edwards et al., 1999; Ann et al., 2006; Rashed et al., 2008) , although some studies find no clear relationship (Hughey et al., 2005; Rowland-Jones et al., 2005; Hertin et al., 2008; Nawrocka and Parker, 2009) .
In defence sectors, work is beginning on the evaluation of military EMSs with the aim of greening military strategies. Examples include the NATO-CCMS and Dartmoor Training Area cases have already been described. These examples provide useful background information for conducting the evaluation of a militaryrelated EMS in future, examining connections between the effects of an EMS and the environmental performance of military activities.
In order to evaluate EMS effectiveness, the use of a supplementary instrument, an indicator framework comprising a set of complementary and objective indicators, has been suggested (Bowers and Cornish, 2000; Freimann and Schwedes, 2000; Kolk and Mauser, 2002; Dahlstrom et al., 2003; Lundberg et al., 2005) . Dahlstrom et al. (2003) also noted that objective indicators for environmental performance measurement should be developed.
Many studies reviewed in this study have proposed various environmental indicator sets to assist in EMS evaluation (Edwards et al., 1999; Sroufe, 2003; UNCCHDPP, 2003) . Ramos et al. (2007a) provided a comprehensive review of environmental indicator initiatives relevant to defence sectors, citing initial work on estimating EMS effectiveness (Dawson, 2004; Viegas, 2005; Ramos et al., 2007a) . Indicator related issues are not the scope of this review, which have been discussed by Wu and Wang (2011) and Wu (2012) .
CONCLUSION
The environmental management, especially in military activities, has been widely recognised as important by a large number of researchers and practitioners. Due to the complexity of defence operations, environment-related issues "need to be addressed in a systematic way" (Diecidue, 2008) , for example, with the help of the ISO14001 EMS, one of the internationally best-known environmental management tools. As discussed in this study, there are no significant differences in the EMS adoption, structure and implementation between different countries and defence sectors. In any case, the key point is to examine how effective an EMS is in environmental management, rather than whether there is an EMS or not (Bowers and Cornish, 2000; Dawson, 2004) . Based on a literature review, this study has contributed to an understanding of EMS implementation and evaluation in global defence sectors.
There is a wide range of application of an EMS all over the world. As illustrated in this review, there is no "one-size-fits-all" method (NOAACSC, 2007) for evaluation and analysis of an EMS (Rowland-Jones et al., 2005 ). An EMS is a complicated system, requiring a number of criteria to evaluate its success that depend on different specific factors (e.g., organisational features, environment and management objectives). However, there is an absence of absolute environmental performance requirements specified in the ISO14001 standard Rondinelli and Vastag, 2000; Lundberg et al., 2005; Nawrocka and Parker, 2009) . Therefore, it is difficult to accurately assess an EMS in a quantitative way (e.g., by calculating a final score), especially for the environmental management of military activities.
There have been many different methods used in previous studies to assess the EMS effectiveness, both quantitative and qualitative. Nawrocka and Parker (2009) noted that one significant difficulty of quantitative approach was obtaining high-quality quantitative data. Furthermore, measuring environmental performance, especially quantitatively, is a widely recognised challenge in the field of environmental management and EMS implementation (Rowland-Jones et al., 2005; Hertin et al., 2008) . Both quantitative and qualitative methods have advantages and disadvantages. It is important to choose methods cautiously and appropriately, because each organisation has its own characteristics. Case-by-case analyses are required, considering such issues as the context (e.g., political, Science Publications AJES environmental and economic), features of the study area, objectives and methods and management capabilities (Edwards et al., 1997; NOAACSC, 2007; Arimura et al., 2008; Broderick, 2008; Zutshi et al., 2008; Lennox et al., 2011) .
As can be seen from this review, although relevant studies have been conducted, they still do not provide sufficient understanding of an EMS's effect on policy formulation, environmental performance and social influence, especially in defence sectors. Knowledge gaps between the EMS efforts and improved environmental performance need to be identified; further research on how to evaluate EMS effectiveness is therefore needed Freimann and Schwedes, 2000; Lundberg et al., 2005; Rashed et al., 2008) . For example, it is necessary to establish Environmental Performance Indicators (EPIs) and make them publicly available, in order to clarify the relationship between EMS implementation and environmental performance (Steger, 2000; Strachan et al., 2003; Rowland-Jones et al., 2005; Cheesbrough, 2006; Schylander and Martinuzzi, 2007) .
Rather than self-assessment by managers (Ramos and Melo 2005; Ramos et al., 2007a; 2007b; Rowland-Jones et al., 2005) , an independent evaluation through the collection of various data and information from different viewpoints has also been suggested, in order to obtain an integrated analysis (Greenwood, 2001; Beger et al., 2005; Burger et al., 2005) . The internal assessment method is considered not comprehensive and objective enough; internal evaluations tend to give positive assessments (Rowland-Jones et al., 2005; Hertin et al., 2008; Nawrocka and Parker, 2009 ). Therefore, a "third-party evaluation" approach is important; it could "prevent bias, omission of important or 'bad news' events and improve credibility" (Greenwood, 2001) . Additionally, it is important to collect various scientific data and high-quality information (e.g., reliable, verifiable, complete and comparable), improve environmental impact assessment, promote continuous environmental monitoring and reporting, in order to facilitate implementation and evaluation of an EMS (SASNZ, 2000; Burger et al., 2005) .
This stduy has furthered the knowledge of EMS application and evaluation practices and provided a reference for policy making and environmental management of an organisation. Environmental management is a changing process; the EMS implementation demonstrates an organisation's ability to respond to changes, leading to continuous improvement (Perron et al., 2006) . As shown in this review, it is difficult to define a single way to evaluate an EMS; it should be revised and updated to respond to the changing situation (West et al., 2006) . Regular reviews will ensure effective interaction between the EMS modules. In a word, organisations need to find out the best way to use an EMS effectively and to gather convincing evidence to evaluate an EMS.
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